In heavy nuclei where the thickness of the diffused edge is relatively small, a certain sharp effective surface can be defined which characterizes the shape of the nucleus, and it can be considered as a collective dynamic variable. It is shown that the problem of fluid dynamics can be simplified by reducing it to simple linearized equations for the dynamics in the nuclear interior and boundary conditions set at the effective dynamic sharp surface of the density distribution. These conditions are derived from the fluid dynamical equations. Transitional densities obtained from this simple model are compared with the numerical solution of fluid dynamical equations.
Introduction
Many theories of complex nuclei exploit the energydensity approximation expressing the total energy of the system as p).
(
1)
Here, p is the average particle density which, in dynamical problems, is a function of time. The properties of g (p) are such that in heavier nuclei the density distribution is characterized by a relatively sharp edge. Dynamic theories which exploit expansions in 6p(rt) fail if the amplitude of the surface distortion is of the order of or greater than the surface diffuseness. Only inside the nuclear volume can such approximations be validated. The solution can be helped if the nuclear surface itself is introduced as a dynamical variable. It has been shown, indeed, in [1] that for a realistic d~ the static problem can be reduced to isolated problems of finding the shape of the effective nuclear surface and determining the density distributions in the inside region and across the surface region. Finding the density distribution can be avoided altogether in certain cases by using phenomenological parameters of the nuclear droplet model. It will be shown below that the same is also true for fluid dynamics which can be reduced to simplified equations which determine dynamics of the nuclear sur= face and of the volume density distribution. It can facilitate developing a unified model [2, 3] which combines macroscopic features with the single-particle motion.
Statics
In the static case, the energy functional (1) is usually considered in connection with the problem of equilibrium density distribution which gives extremum of (1) under the subsidiary condition of particle number conservation,
A= ~ d3r p(r).
( 2) (The difference between the density distributions of protons and neutrons is neglected here). Another constraint fixes a certain deformation parameter
The function q(r) here can be a multipole moment, or it can be chosen in such a way that Q determines the distance between the centers of mass of the two halves of the stretched nucleus [4] . In this section, which essentially repeats the contents of [1], some arguments will be presented which will be needed in the treatment of the dynamical case and which were omitted in the original publication. Approximate solution to the problem can be found by exploiting explicitly the property of low compressibility of the nuclear matter. In the nuclear volume, the density differs little from its equilibrium value p for infinite matter which equals approximately 3A/4~zR 3. The density gradient is large near the edge of the density distribution, where the density drops sharply from its central value to zero in relatively thin surface layer the width a of which is small as A -1/3 relative to the nuclear size. The relevant Lagrange equation is
cSp and a reasonably accurate solution to it can be found by developing approximations to (4) separately in the nuclear interior and in the nuclear edge [1], see also Appendix. Required unique solution can be determined by matching the two approximations. Quantities 2 and 2(2 in (4) are two Lagrange multipliers corresponding to constraints (2) and (3). In the nuclear interior one uses the expansion
where the compressibility modulus K,E<0 and p are parameters relevant to infinite nuclear matter. Of them, fi and /~ are known directly from empirical data. Inside the nucleus, the derivatives of p in (A7) may be neglected and by means of (5) one gets the interior density as Here, A = 2 A + 20 q(r),
where 2 A is the finite-size correction to the particle separation energy ft = -/~ for infinite matter.
To resolve the problem near the nuclear edge we introduce the effective surface (g.5(.) of the density distribution, determined as geometrical locus of points of maximal gradient of density p(r). The derivative of p in direction perpendicular to the surface is in the surface region large as R/a relative to other derivatives and here it is convenient to introduce a surface-based coordinate system by choosing one of the coordinates (3) directed perpendicular to the surface (~= +~ at large distances and ~=0 at the surface). The so far undetermined shape of the surface is defined formally by a certain shape function, 
see (A15), determines the shape of the density distribution near the edge of the nucleus. Within this approximation it is the same as in the case of semiinfinite matter [5] . It satisfies asymptotic conditions Pedge=P; dge=0 (9) at ~= oo and approaches unity as an exponent at =-oo. (The primes mark i-derivatives here). The location of Poago(~) relative to the surface is determined by requiring that the density gradient is maximal at ~=0 and it has the transition width characterized by a small dimensionless parameter 7 of the order of a/R, see (A3). The quantity Pedge(~) gives the density distribution in the direction perpendicular to the surface. In principle, its accuracy is sufficient to obtain the surface tension constant [1, 5] o=I[E[ fi-lR-1 ~ --1 t 2 ~ ;edge(Pedge) d~.
(10) -oo Expressed in dimensionless quantities used in Appendix, o is small quantity of the order of 7. Through (10), the surface tension constant is related to microscopic properties of the energy functional [-5] . This microscopic definition is, however, hardly needed because, as a phenomenological constant, is known better than any Skyrme force. It should also be noted that properties of Peage, as determined in (8, 9) , are so specific that simple parametrization of this quantity in the form of Fermi-distribution-like function with empirical value of the diffuseness parameter can well be used, unless for some special reasons more detailed behavior of p(r) in the edge region is required, see also in Sect. 4. This leading approximation does not solve yet the problem of finding the equilibrium density distribution and to meet this end terms of the order of 7 must be kept in the equilibrium density equation.
